S/IERGY

SY5800D

Single Stage Flyback And PFC Controller
With Primary Side Control For LED Lighting

Preliminary datasheet

General Description

The SY5800D is a single stage Flyback and PFC
controller targeting at LED lighting applicationsis a
primary side controller without applying any secand
feedback circuit for low cost, and drives the Figka
converter in the quasi-resonant mode to achievieehig
efficiency. It keeps the Flyback converter in canst
on time operation to achieve high power factor.

Ordering Information
SY5800 (O O)0]
Temperature Code
Package Code
Optional Spec Code
Temperature Range: -40°C to 105°C

Ordering Number Package type Note
SY5800DFAC SO8

Features

Primary side control eliminates the opto-coupler.
Valley turn-on of the primary MOSFET to achieve
low switching losses

CV mode when open LED

0.3V primary current sense reference, voltage leads
to a lower sense resistance thus a‘lower conduction
loss.

Internal high current MOSFET driver: 1A sourcing
and 2A sinking

Low start up current: 38A'typical

Reliable short LED protection

Power factor >Q.90 with single-stage conversion.
Compact package:; SO8

Applications

LEB lighting
Down light
Tube lamp
PAR lamp
Bulb

Typical Applications
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Pinout (top view)

COMP [T 1 O 8[1T1Twm
zcs[1]2 7[T1EN
ISEN[T] 3 6 [ L 1VIN
GND[T] 4 511 DRV
~_
(SO8)
Top Mark: AHSxyzfor SYS800DFAC(device code: AHSx=year code, y=week codesz=l0t number code)
. Pin
Pin . .
Name number Pin Description
SO8
COMP 1 Loop compensation pin. Connect a RC network actb&s pin and ground to

stabilize the control loop.

Inductor current zero-crossing detection pin. Tgiis receives the auxiliary winding
voltage by a resister divider and detects the\itaiucurrent zero crossing poir
ZCS 2 This pin also provides over voltage protection dimé regulation modificatior]
function simultaneously. Good line segulation cam dchieved by adjusting the
upper resistor of the divider.

—

Current sense pin. Connect this pin,to the souftkeoprimary switch. Connect the
sense resistor across the source ofithe primatgtsand the GND pin.

ISEN 3 Vet xN
(current sense resistegRR Sk—="5—F8 | k=0.167)
ouT
GND 4 Ground pin
DRV 5 Gate driver pin. Cennect this pin to the gaterimary MOSFET.
Power supply pin,\This pin also provides outputrox@tage protection along with
VIN 6 ZCS pin
Enable pin.\Epable the IC by pulling the voltagethis pin above/gy oy and Shut
EN 7 down the IC by pulling the voltage on this pin belogy o= If Not used, connegt
this pinto/VIN pin with a resistor (470kis recommended).
™ 8 Conneeted to ground.
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Absolute Maximum Ratingsote 1)

VIN, DRV -0.3V~19V
Supply Currentuin 30mA
EN, ZCS 0.3V~V+0.3V
ISEN, COMP, TM 0.3v~3.6V
Power Dissipation, @ Al= 25°C SO8 0.8W
Package Thermal Resistance (Note 2)
S08,0JA 88°C/W
S08,9JC 45°C/W
Temperature Range -452€to 150°C
Lead Temperature (Soldering, 10 sec.) 260°C
Storage Temperature Range =65°C to 150°C
Recommended Operating Conditionsvote 3)
VIN, DRV 8V~15.4Vv
Junction Temperature Range -40°C to 125°C
Ambient Temperature Range -40°C to 105°C
Block Diagram
COMP EN VIN
M
d
ISEN [] o Estimator Gm\ PWM
id i DRV
Driver
GND
+
0.5y0——Pp|-
zcs > Valley Detect H
™ —»| cvMoDE |-

Fig3. Block Diagram
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Electrical Characteristics
(Vin =12V (Note 3), | = 25°C unless otherwise specified)

Parameter | Symbol | Test Conditions | Mih Typ | de Uit
Power Supply Section
Input voltage range W 8 154 V
VIN turn-on threshold Vinon 17.6 V
VIN turn-off threshold )i OFE 6.0 7.9 V
VIN OVP voltage \{in.ove Vyin.on+0.85 \
Start up Current s Vvin<Vvin OFF 15 HA
Operating Current vin C_=100pF,f=15kHz 1 mA
Shunt current in OVP mode vil.ovp Vyn>Vvinove 1.6 2 2.5 mA
Error Amplifier Section
Internal reference voltage | RYE | | 0.294 | 0.3 | 0.306 | \
Current Sense Section
Current limit reference voltagé V sEn.MAX | | | 0.5 | | V
ZCS pin Section
ZCS pin OVP voltage Mes ovp 131 \%
ZCS pin reference voltage 2¥s REF 1.25 \%
Sleep ;rr]](r)g:h\(/)?(ljtage ON Veoup-on 0.36 Vv
Sleep Thc;(iir:/(;)lgage OFF VA 0.30 Vv
Gate Driver Section
Gate driver voltage Yate Vyin \%
Maximum source current sdurce 1 A
Minimum sink current dink 2 A
Max ON Time Tonmax Vcouw—=1.5V 24 us
Min ON Time Ton.MIN 400 ns
Max OFF Time Bre v 39 Us
Min OFF Time TFEwin 1 Us
Maximum switching frequency A 120 kHz
Enable function Section
Enable ON ¥n.oN 1.5 V
Enable OFF ¥N.OFE 0.2 V
Thermal Section
Thermal Shutdown
Temperature Tso 150 <

Note 1 Stresses beyond the “Absolute Maximum Ratingsy nsuse permanent damage to the device. These are
stress ratings only. Functional operation of theickeat these or any other conditions beyond tiadieated in the
operational sections of the specification is nqtlied. Exposure to absolute maximum rating condgitor

extended periods may affect device reliability.

Note 2 ©;, is measured in the natural convection aE125°C on a low effective single layer thermal doctivity
test board of JEDEC 51-3 thermal measurement stdndast condition: Device mounted on 2" x 2" FRubstrate
PCB, 20z copper, with minimum recommended pad prager and thermal vias to bottom layer grounch@la

Note 3 Increase VIN pin voltage gradually higher thany\én voltage then turn down to 12V.
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Operation S
|

SY5800D is a constant current Flyback controllethwi Rer D R “‘:T “““
primary side control and PFC function that targats ! : (
LED lighting applications. svssoop VO L

w L)
The Device provides primary side control to elinenthe o == . : :
opto-couplers or the secondary feedback circuitschv i 1 (

f— teo—fe] om0

would cut down the cost of the system.

High power factor is achieved by constant on opanat

Fig.4 Start up

mode, with which the control scheme and the circuit The start up resistor R and Guy.are‘designed by rules

structure are both simple.

In order to reduce the switching losses and impievi
performance, Quasi-Resonant switching mode is egpli

which means to turn on the power MOSFET at voltage

valley; the start up current of SY5800D is ratheraf
(15pA typically) to reduce the standby power loss farth
the maximum switching frequency is clamped to 120kH
to reduce switching losses and improve EMI perforoea
when the converter is operated at light load caoorlit

SY5800D operates in CV mode when LED is open.

below:

(a) Preset start-up resistogRmake sure that the current
through Ry is larger thandrand smaller than,k_ove

\%

\

BUS BUS

| <Rgr | (1)
VIN_OVP ST

Where \4s.iS'the BUS line voltage.

(b) Select G\ to obtain an ideal start up timgrtand
ensure the output voltage is built up at one time.
VBUS

SY5800D provides reliable protections such as Short ( lgr) Xtor
Circuit Protection (SCP), Over Temperature Proogcti Cyp =— 2)
(OTP), etc. Vui_on

SY5800D is available with SO8 package.

Applications Information

Start up

After AC supply or DC BUShisspowered on, the capaci
Cuin across VIN and GND<pin is charged up by BUS
voltage through a starft up resistasrRONnce \(y rises up

to Vyin-on, the intérnal blocks start to work.,)\{ will be
pulled down by internal consumption of IC until the
auxiliary winding\of Flyback transformer could siypp
enough energy.to maintain,{ above \{n.or-

The whole start up procedure is divided into twotisas
shown’in Fig.4. ¢ is the G charged up section, and
tsto is the output voltage built-up section. The stast
time tst composes ofstc and &ro, and usually 4o is
much smaller thansic.

(d) If the G,y is not big enough to build up the output
voltage at one time. IncreaseCand decreasesR go
back to step (a) and redo such design flow unélitkeal
start up procedure is obtained.

Internal pre-charge design for guick start up

After Vyy exceeds Vinons Vcowp iS pre-charged by an
internal current source. The PWM block won't stirt
output PWM signals until ¥mp is over the initial
voltage Vtowpic Which can be programmed bydp.
Such design is meant to reduce the start up timnestin
Fig.5.

The voltage pre-chargedc¥ve c in start-up procedure
can be programmed by-Byp

Veowr 1c=600MV-30QA xR 4(3)

AN_SY5800DRev0.9
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Vi Ve

Veowr! lert

600mV|- — — — — — —
Veompicf— — — — — — —
8Y5800D |
COoMP |
t
PWM |
Reoup |
|
Coowez
(opt) —I: lsec

lour

Fig.5 pre-charge scheme in start up
Where \eowmp.c is the pre-charged voltage of COMP pin.

Vos

Generally, a big capacitance of-&r is necessary to
achieve high power factor and stabilize the syskaop
(luF~2uF recommended); The voltage pre-charged in ‘

/

start-up procedure can be programmed byyR On the AL

other hand, larger Rwvp can provide larger phase margin Fig.6 switching waveforms
for the control loop; A small ceramic capacitoraidded

to suppress high frequency interruption (10pF~108pF I =N ok 5(5)

recommended if necessary)

Where Ns is the turns ratio of primary to secondary of

Shut down thevFlyback transformer.

After AC supply or DC BUS is powered off, the engrg
stored in the BUS capacitor will be discharged. Wiiee
auxiliary winding of Flyback transformer can nepgly

enough energy to VIN pin, W will drop dowis, Once IOUT:Mxt—D'S(G)
Vyn is below \n.orr the IC will stop werking and 2 ts
Vcomp Will be discharged to zero.

Thus, byt can be represented by

The primary peak currentsd and inductor current
Primary-side constant-current control discharge timegis can be detected by Source and ZCS

pin, which is shown in Fig.7. These singals arecessed
Primary side control is applied=to eliminate se@yd and applied to the negative input of the gain maigul
feedback circuit or optg-coupler, which reduces the|n static state, the positive and negative inptesegual.
circuit cost. The switching waveforms are shown in Fig.6.

t
VREF:| PPXR Sx%xk 1(7)
The output currentglyr £an be represented by,

S
T lsp o Lds ) Source E]—L
ouT 2 ts

t

DIS
IPPXRSxixkl

Wherengpis the peak current of the secondary sigg;is tg

the “discharge time of Flyback transformeg; is the 7CS I::l |

switching period. v +GM
REF

The secondary peak current is related with prinpesk
current, if the effect of the leakage inductor églected.

Fig.7 Output current detection diagram

Finally, the output currentl;r can represented by
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VREF X N PS
=_—"EF "> (8
ouT RS x 2>( kl ( )
Where kK is the output current weight coefficientzp¢ is

the internal reference voltage;s B the current sense
resistor.

ki, and \ker are all internal constant parametegg;rican
be programmed by Nand R.

VREF X N PS (9)

IOUTXZXkl

Rs=

then

_ KX Ve

S

NPS k=

1
10
2 40

IOUT

Quasi-Resonant Operation

QR mode operation provides low turn-on switching
losses for Flyback converter.

Vinaux] \
Valley _ __ _ H ,

tois |

1
I s

Fig.8 QR made,operation

The voltage aeross drain and source of the primaryV,

MOSFET iscreflected by the auxiliary winding of the
Flyback transfarmer. ZCS pin detects the voltagess
the auxiliary winding by a resistor divider. Whelmet
voltagesacross drain and source of the primary MEISF
is at veltage valley, the MOSFET would be turned on

Over Voltage Protection (OVP) & Open LED
Protection (OLP)

VIN

Raux

Cun

Rzesu

- SY5800D
ZCs

Fig.9 OVP&OLP

Over voltage protection

The output voltage is reflected hy the auxiliarynding
voltage of the Flyback transfermer. When over outpu
voltage happens and thevfeedback voltaggs 6 higher
than Vcsrer Vcome Will De pulled down by an internal
current source to deerease the output power.

Open LED protection

When LED i$»0pen, althoughd¥we is pulled down, the
output powers still larger than the load neecetd the
outputvgltage still rises up; once the feedbadiage
Vzgsisshigher than Yes ovs Open LED Protection (OLP)
maode’is triggered. At OLP mode, the PWM block stops
working and \¢owp Will be pulled down by an internal
current source until dvp is lower than ¥owp on When
Vcowmp iS lower than V¥owp on the system enters into
sleep mode, andwe Will be pulled up by Constant
Current control again. The PWM block will reworkexf
Vcowp is higher than ¥owp orr

Vyin also provide over voltage protection by ove.
When Win exceeds Vin,ove, the over voltage protection is
triggered and the IC will dischargevM™ by an internal
current sourcevin,ove.

VZCS_OVP — NAUX x RZCSD

9)

VOVP N S R ZCSU+R ZCSD
VIN_OVP > N AUX (10)
VOVP N S

Where \pyp is the output over voltage specification;
Rzcsu and Rcsp compose the resistor divider. The turns
ratio of Ns to Nyyx and the ratio of Ry to Rycsp could

be induced from equation (9) and (10).

Short Circuit Protection (SCP)

When the output is shorted to ground, the outplitge
is clamped to zero. The voltage of the auxiliaryaing

AN_SY5800DRev0.9
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is proportional to the output winding, sa,¥ will drop
down without auxiliary winding supply. Oncey\ is
below W orr the IC will shut down and be charged
again by the BUS voltage through the start up tesi¢f
the short circuit condition still exists, the systewill
operate in hiccup mode.

Power Device Design

MOSFET and Diode

When the operation condition is with maximum input

In order to guarantee SCP function not effected byvoltage and full load, the voltage stress of MOSFEH

voltage spike of auxiliary winding, a filter resistRaux
is needed (1Q typically) shown in Fig.9.

Line regulation modification

The IC provides line regulation modification furstito
improve line regulation performance.

Due to the sample delay of ISEN pin and other irakr
delay, the output current increases with increagipgit
BUS line voltage. A small compensation voltagésen.c

is added to ISEN pin during ON time to improve such

performance. ThisAV sgnc is adjusted by the upper
resistor of the divider connected to ZCS pin.

N’\‘I‘UX L xk ,(11)

P ZCsu

AV, V pus X

BUS

ISEN,C™

Where Rcsy is the upper resistor of the divider; k3vis-an
internal constant as the modification coefficient.

The compensation is mainly related withcR, larger
compensation is achieved with smallefz&Rr Normally,
Rzcsranges from 10QR~1MQ.

Then Rcsp can be selected by,

Vzcs_ovp % NS

V N

\Y " ?{]JX x RZCSU >RZCSD(12)7
1- ZCS_OVP s

VOUT N AUX
And,
VZCSfOVP x Ns
RZCSD 3 VOVP N N chsu(13)
1- Vzcs_ovp x s
VOVP N AUX

Where \owpe is the output over voltage protection
specification; \4yris the rated output voltage;z&y is
the upper resistor of the divider;sldnd Nyyx are the
turns of secondary winding and auxiliary winding
separately.

secondary power diode is maximized;

VMOS_DS_MAx:\/EV ac_maxt Npgx v ourtV D_I;+ AV s( 14)

_ \/EVAC_MAX

VD_R_MAX -

+Vour (15)

PS
Where Vic uax IS maximum input AC RMS voltage;py
is the turns ratio of the Flyback transformegyY is the
rated output voltage,“) is the forward voltage of
secondary powendiodeAVs is the overshoot voltage
clamped by RCD, snubber during OFF time.

When the “operation condition is with minimum input
voltage™and full load, the current stress of MOSFHET
power diode is maximized.

I MOSiPKiMAXZI P_PK_MAX (16)
I MOS_RMS_MAX:I P_RMS_MAX(17)

D_PK_MAX =Npgx1 P_PK_MAX (18)

ID_AVG:| ouT (19)

Where bpkvax and bgrus.max are maximum primary
peak current and RMS current, which will be introeld
later.

Transformer (Npsand Ly)

Nps is limited by the electrical stress of the power
MOSFET:

VMOSf(BR)DS X 90%-\/_2VAC7MA>< A

Vs
(20)
VOUT +VD_F

Npe <

Where My0s,sr)psiS the breakdown voltage of the power
MOSFET.

In Quasi-Resonant mode, each switching period ctcle
consists of three parts: current rising timectirrent

AN_SY5800DRev0.9
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falling time & and quasi-resonant time shown in 1
Vo ts= (22)

- S_MIN
_ tg % N psX v OUT+V Dj)
=
\/EVAC_MIN +Npg X (VOUT+V D_F)

(23)

lpri

(d) Design inductance-

— V:CfMIN thxn (24)
2POUT X ts

M

Isec

(e) Compute 4

t3 =mX V LM ><CDralin (25)

Where G, is the parasitic capacitance at drain of
MOSFET.

lour

() Compute primary maximum peak curreptpidmax

and RMS (curtent plrms.wax  for the transformer
t fabricatioen:
T B L
Fig.9 switching waveforms N \/EVAC_MW NpsX(VourtVop 9
IP_PK_MAX_ L XT]
M

The system operates in the constant on time made o 3
achieve high power factor. The ON time increase#,wi \/4P§UT><[ M+

the input AC RMS voltage decreasing and the “load ., x/EVAch.N Nosx(
increasing. When the operation condition/™isw with Ly >n

minimum input AC RMS voltage and full\Joad,xthe ON (26)

time is maximized. On the other hand, &when the tinpu Wheren is the efficiency; Byt is rated full load power
voltage is at the peak value, the OFFitime“is madch

Thus, the minimum switching frequecfin happens at  Adjust t, and §to t;" and & considering the effect of t
the peak value of input voltage withyminimum inAG XLy X12 o uax

RMS voltage and maximum lbad ;¢ondition; Meanwhile, ts=—————— (27)

LM

+4L,, xnxP, . %
VOUT+VD_9]2 Ly xnxRyyr Xt

the maximum peak current through MOSFET and the AFour
transformer happens.
t'= LM XIP_PK_MAX (28)
Once the minimum-frequency i is set, the inductance ™ J2
of the transformet could be induced. The desigw fi® ACMN
shown as below;
r
(a)SeIect N’S IP_RMS_MAX = 6_t1'5 x| P_PK_MAX(zg)
N.£Z VMOSf(BR)DSXQO%'\/—ZVAchAX 'AVS (2 1)
PR VourtVo ¢ (g) Compute secondary maximum peak currgmphax
- and RMS current glrus.wax for the transformer
fabrication.

(b) Preset minimum frequency.fin

(c) Compute relativet t; (t is omitted to simplify the s pkwax=Nps*! p_pi uax(30)

design here)
t,=ts-t,15(31)
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tl
ISﬁRMSfMAX = ”6_:)' x| S_PK_MAX (32)
S

Transformer design (No,Ng,Naux)

The design of the transformer is similar with ogdin
Flyback transformer. the parameters below are sacgs

Necessary parameters

Turns ratio Ns
Inductance M
Primary maximum current plbK-MAx
Primary maximum RMS current | p_kus-max

Secondary maximum RMS currents.rums-max

The design rules are as followed:

(a) Select the magnetic core style, identify the dffec
area A.

(b) Preset the maximum magnetic flai
AB=0.22~0.261

(c) Compute primary turn N

LMlePKMAX
=M _PPRWAX (33
P ABXA, (33)

(d) Compute secondary turnsN

N =N

(34)

PS
(e) compute auxiliary turn Nx

VVIN

(33)

N AUX :NS x
ouT

Where \{,is the working voltage of VIN pin (10V~11V

is recomniended).

(f) Select an appropriate wire diameter

With lp.rus.max @and kruws.max, Select appropriate wire to
make sure the current density ranges from 4A7rum

10A/mn?

(g) If the winding area of the core and bobbin is not
enough, reselect the core style, ggapand redesign the
transformer until the ideal transformer is achieved

Output capacitor Cout

Preset the output current rippiéour, Cout is induced by

( 2|OUT )2_1
AIOUT

=———— (36

ouT 47TfACRLED ( )

Where byr is the rated output®currentiloyr is the
demanded current ripplegetis the input AC supply
frequency; Rep is the equivalent series resistor of the
LED load.

RCD snubberfor MOSFET

The power less of the snubbegBis evaluated first

Nas* (VourtVp dHAV g Ly
> = x—Ex P - (37)
RCB, AVs L ouT

M

Where Nsis the turns ratio of the Flyback transformer;
Vour is the output voltage; 3+ is the forward voltage of
the power diodeAVs is the overshoot voltage clamped
by RCD snubber; L is the leakage inductor;yLis the
inductance of the Flyback transformegyPis the output
power.

The Rkep is related with the power loss:

_ (N ps v ourtV DJ)"'AV s) ?

RRCD -

(38)

PRCD
The Gep is related with the voltage ripple of the snubber
AV c.rep

_ N ps X (V OUT+V D_F)+ AV
RRCDfSAV C_RCD

CRCD > (39)
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Layout

(@) To achieve better EMI performance and reduce li
frequency ripples, the output of the bridge reetiBhould
be connected to the BUS line capacitor first, theithe
switching circuit.

(b) The circuit loop of all switching circuit shalbe kept
small: primary power loop, secondary loop and aamil
power loop.

(c) The connection of primary ground is recommena&d

©224050,02,0
®

Ground@ :ground of BUS line capacitor
Ground®: ground of bias supply capacitor
Ground®): ground node of auxiliary winding

Ground@: ground of signal trace
Ground®: primary ground node of Y capacitor
Ground®: ground node of current sample resistor.

(d) bias supply trace should be connected to thke bi
supply capacitor first instead of GND pin. The bias
supply capacitor should be put beside the IC.

(e) Loop of‘Source pin — current sample resistor — GND

pin’ should be kept as small as possible.

() The resistor divider conmeeted to ZCS pin is
recommended to be put besidethe IC.

oo bl Output
e I S
AC input " DB1 o1== R2=C : CST au
o0 zbdvee — * ¥
6 R1= <L
A N |
\
= |
\
D2 R3 |
g MN———jj—4
? X ‘
\
o 1® |
Ra SY5800D \
\
coMP ™™ @
R6 = R8 H N
ZCS  EN —W\—— b 3
J R7 R9 A
ISEN  VIN
RS c4 GND DRV =R10 CY1
¢ = I @ = (5) F 1
@
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Design Example

A design example of typical application is showlohestep by step.

#1. Identify design specification

Design Specification

V ac(RMS) 90V~264V \but 38V
lout 320mA n 87%
#2. Transformer design @Y Ly)

Refer to Power Device Design

Conditions

AV 50V Vmos-BR)Ds 600V
Pour 12W Vo £ 1V
CDrain 100pF E-MIN 75kHz

(a)Compute turns ratio N first

VMOS_(BR)DS x 90%'\/_2VAC_MAX 'Avs

N, <
°e VOUT+VD,F
_600Vx 0.9+ 2x 264V-50V
38V+1V
=2.99
Npsis set to
N,.=2.67

(b)fsmn is preset

fe i =75kHZ

(c) Compute the switching periogland ON timeitat the peak of input voltage.

ts= ! =13, 3s

S_MIN

- tS x N PSX (V OUT+V D_l)
' \/EVACJ\/HN +Npg X (VourtV DJ-‘)
_13.3us% 2.67 (38V+1V)
T 2x90V+(38V+1V)
=6us

AN_SY5800DRev0.9
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(d) Compute the inductance,L
- VAZC_MIN xtlz xn
2POUT x tS
_90V? x 6us’x 0.87
T 2x12Wx 13.3s
=78QuH

M

Set
L,=750uH
(e) Compute the quasi-resonant tige t

t3:ﬂ:>< V LM ><CDrain
=n x,/750uH x100pF
=860ns

(f) Compute primary maximum peak curresipkvax

o R
\/EVACJ\MN N PS X (V OUT+V DJ)

Ly *n

2POUT

I P_PK_MAX™

L L
AP X [N+ ¥
+ \/ > \/EVAC_NHN Nps*(VourtVo 9

]2+4LM xNXFyur X

Ly *n
=1.038A
Adjust switching periodstand ON timesttotgand t; .

2
t= nxL,, xI P_PK_MAX

° 4POUT
_ 0.87x 75QH x1.0384
- 4x12W
=14.451s

- Ly leﬁPK_MAX
\/EVACAMIN

_ 750181.038A

y2x90v

=6.12is

t

Compute primary maximum RMS currepiziys.max

/ t] f 6.12us
Ip_RMS_MAX = é x| P_PK_MAX: m x1.038A=0.289A
S .
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(g) Compute secondary maximum peak current and thermemiRMS current.

ls o =N psX | p o up=2-67% 1.038A=2.772

t, =ttt ,=14.4515-6.1215-0.86u5=7.4 715

t; _ | 7.4%s _
s rusax = /ﬁ *1's pr a /m x2.77A=0.81A
S .

#3. Select power MOSFET and secondary power diode

Refer to Power Device Design

Known conditions at this step

V ac-Max 264V Nbs 2,67
VOUT 36V VD—F 1V
AVg 50V n 87%

(a) Compute the voltage and the current stress of METSF

VMOS_DS_MAX: \/EVAC_MAX +N ps (V OUT+V D_})+ AV <

=J/2x 264V+2.6% (38V+1V)+50V
=527V

I MOS_PK_MAXZI P_PK_MAX:]' . 038A

I MOS_RMS_MAXZI P_RMS_MAX:O'289A

(b) Compute the voltage and the clrrent stress ofslzay power diode

\/EVAC MAX
VDiRiMAX: N = +Voui
PS

J2x 264V |
2.67
=178V

38V

Lo i s ENXTp i umc2-67% 1.038A=2.77£
I D_AVG :l OUT:O'SZA

#4. Select the output capacitas s

Refer to Power Device Design
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Conditions
louT 320mA Alout 0.3lbur
fac 50Hz Reo 12x1.6Q2

The output capacitor is

2loyr )2_1
Al our

Anf R e

2x032A
( )*-1
0.3x0.32

" Anx50Hzx 12% 1.8
=546uF

(

ouT

#5. Design RCD snubber

Refer to Power Device Design

Conditions

Vour 38V AV 50V
Nps 2.67 /Ly 1%
POUT 12W

The power loss of the snubber is

_ Npg* (VOUT+V DJ9+AV st—Kx

P P
RCD AVS L " ouT
_2.67% (3BVHIV)+50V, o oo
50V

=0.37W

The resistor of the snubber is

_ (N ps (VOUT+V D_19+AV 5)2

R =
RCD PRCD
_ (2.67x (38V+2V)+50V§
- 0:37W
=64k

Thecapacitor of the snubber is

— N PS X (VOUT+V D7I;+AV S
Rep RRCDfSAVCJQCD
_ 2.67x (38V+1V)+50V

64kQ x100kHzx 25V
=1nF
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Downloaded From | Oneyac.com


https://www.oneyac.com

4

SILERGY

SY5800D

#6. Set VIN pin

Refer to Start up

Conditions
VBus-MIN 90Vx 1.414 \Bus-MAX 264Vx1.414
Ist 15uA (typical) Vin-oN 16V (typical)
lvin-ove 2mA (typical) Er 500ms (designed by user)
(a) Rstis preset
RST<VBUS :90Vx1'414:8.48lvn ’

lr  15pA
R..> Vous _ 264Vx 1.4142186|Q

IVIN_OVP 2mA

Set Rt
Rs; =250K2 % 3=750K2
(b) Design G

V,

( RBUS 'IST) xtST
C\/IN = =

VVINfON
90Vx1.414
——————-15uA) x500ms
- ( 750k HA)
16V
=4.83uF

Set Gy
Cyn =20uF

#7 Set COMP pin

Refer tolnternal\pre-charge design for guick start up

Parameters designed

RCOMP

5000

VCOMP,IC

450mV

CCOMPl

2uF

CCOMPZ

100pF

AN_SY5800DRev0.9
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#8 Set current sense resistor to achieve idealibatprent

Refer toPrimary-side constant-current control

Known conditions at this step

k 0.167 Nbs

2.67

Veer 0.3V lout

0.32A

The current sense resistor is

RS:kaREFxN PS

IOUT
_0.167x 0.3\k 2.67
- 0.32A
=0.40

#9 set ZCS pin

Refer toLine regulation modification andOver Voltage Protection (OVP)&Open Loop Protectiam (OLP)

First identify R.csy need for line regulation.

Known conditions at this step

k2 | 68 |

Parameters Designed

Rzcsu | 100k |

Then compute Rsp

Conditions

Vzcs ove 1.31v Vove

55V

Vour 38V

Parameters designed

chsu 100k

Ng 21 Naux

VZCS_OVP % N 5

R < Vour N 2k <R
zCsD Y; N ZCSU
1.2zesavk, Ns

VOUT N AUX

131v 21
i iy

88V 6
131V 217100

38V 6
=18.04K2

AN_SY5800DRev0.9
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Vzcsfovpx Ns
V N
RZCSD 2 V o ?\L;X X RZCSU
1- ZCs_ovP s
VOVP NAUX
131v_21
=_55V__ 5 100k
1.31v_21
1- X—
55v 5
=11.11Q
Rzcspis set to
R,csp=11.61Q
#10 final result
R2
51K/1206
1 MUR460
o T2A50V L " 1. % . 1 1 =
Cx1l = clﬁchz—— T2sox T T §
0.047u DB1 Teanr esnr| | 2% ok rs= 7 csL Ri6
2sovT = Ra-220F) 100K 220uF220uf” 200K
© _ =, 01208 1206 63v 63V 1206 N
1206 N
~ =R12 RS
250K N
- 1206 |
\AA |
¢ D1 R13
§ SSTH10 10 183F 1%1[,01 |
1206 1206 1202—|_ :
L I
|
|
SY5800D
-~ R
oMp ™ 1| i N
ZCs EN W 470K
0603 N
ISEN VIN R10 AN
10/1206 ,_ cv1
GND DRV A { H“NGO nF
R14 EE R7 r}l
10K 0.4
0805-L- 120
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S08 Package Outline & PCB Layout Design
O

ool AAAE
L
R

— 0.60=— ~=—0.30-0.50

Recommended Pad layout
0.25 - O.SWJ/V B

o,
580-6.20——

~——3.80-4.00——

[
-

!

- 0448,-0:2

—
J
0.08-0.25

1.40-1.60

F

»‘ ~—0.25 base

%\J\ﬁj\ Nl ’

0.60 - 0.85 —L—;I—l.ﬂ (TYP)

Notes: All dimensions are in millimeters.
All dimensions don’t include mold flash & metal burr.
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